The methods most commonly employed for the estimation of blood glucose are dependent upon the ability of glucose to reduce alkaline copper solutions. Reagents containing phosphomolybdic acid are then frequently used to form a blue complex by combination with the reduced copper. All these methods suffer the disadvantage that the final colour fades at such a rate as to imperil its accurate comparison with a standard glucose solution similarly treated.
Fading was neither very apparent nor of much importance when visual colorimeters were employed with direct comparison of standard and unknown colours. Folin (1929) first recorded the existence of fading and described a method to combat it. Interest was aroused by the general adoption of the photoelectric colorimeter, and many technical modifications were introduced to circumvent fading. These were remarkable for their variety rather than for their success in routine use.
In the present investigation the factors influencing fading have been determined and a new modification of the Folin and Wu technique has been evolved which simplifies the standard technique at the same time as it eliminates fading. Although the Folin and Wu (1920) method was chosen for this investigation the principles involved are applicable to other methods of blood glucose estimation in which similar reagents are used.
Reagents and Apparatus
Analar grade materials were used in the preparation of all reagents.
Copper Reagent.-This was made up as described by Folin and Wu (1920) but stored as two solutions as recommended by Folin (1929) . Copper reagent was freshly prepared from the two constituent solutions each day.
Phosphomolybdic Reagent (P.M.R.).-This reagent was also prepared as described by Folin and Wu (1920) .
Standard Glucose Solution.-This contained 2.5 mg. glucose per 100 ml. in saturated benzoic acid.
Standard Folin and Wu tubes of bulb capacity 4 ml., a special Folin and Wu tube of bulb capacity 20 ml., an E.E.L. portable photoelectric colorimeter, and a set of " large " colorimeter tubes were required.
The Effect of Dilution upon Colour Stability Experinent 1: Stability of Colour of Undiluted
Mixture.-Previous workers (Folin, 1929; Lehmann and Silk, 1952) have noted that the amount and rate of fading are increased when the reduced copper-P.M.R. mixture is diluted with water. Fading of the undiluted mixture was compared with that found in an identical sample diluted with distilled water.
Technique.-Copper reagent, 10 ml., and 10 ml. of standard glucose solution were mixed in the special Folin and Wu tube. The tube was stoppered with non-absorbent cotton wool and heated in a boiling water-bath for exactly six minutes. The tube was immediately cooled to room temperature and after three minutes had elapsed 10 ml. of P.M.R. added. After a further two minutes the contents of the tube were thoroughly mixed and as much C02 as possible removed by agitation (one minute), then 3 ml. was pipetted into a large E.E.L. colorimeter tube containing 6 ml. of distilled water. The contents of the tube were thoroughly mixed and read in the colorimeter at-1, 10, 30, 60 minutes and 2, 4, and 22 hours after dilution. The density of the undiluted mixture was determined at similar times by making a fresh 1 in 3 dilution on each occasion with immediate mixing and reading. The colorimeter tubes were tightly stoppered with cotton wool and stored in the dark between reading, as was the large Folin and Wu tube. Environmental temperature -was kept-as constant as possible. The constancy of the colorimeter was STANLEY DISCHE checked using a neutral grey solution giving a colorimeter reading similar to that of the solutions under test. Fig. 1 illustrates the results obtained and shows that fading of the undiluted mixture was much less than that which followed dilution with distilled water.
Experiment 2: Diutions of P.M.R. as Diluting Agent instead of Distilled Water.-Four dilutions of P.M.R. were prepared: I, , , 2 strength in distilled water. These were used as diluting agents and fading compared with that found when distilled water was used for this purpose. The fading of the undiluted mixture was also determined.
Technique.-This was as described above, and 3 ml. quantities of the reduced copper-P.M.R. mixture were dispensed into a series of colorimeter tubes each containing 6 ml. of the diluents under test.
The results are shown in Fig. 2 Reagent added as a 14-ml. quantity of a dilution in distilled water. At each concentration the upper point represents colour density at 4 minutes after addition of reagent and lower point density at 22 hours. Effect of Temperature upon Colour Production and Stability Several of the more successful modifications introduced to prevent fading involve raising the temperature of the reduced copper-P.M.R. reaction. The effect of temperature on this reaction was determined over a full range.
Techlnliqie.-The large Folin and Wu tube was employed in the manner already described, but after the six minutes' boilin,g the reduced copper was brought immediately to the temperature required and 10 ml. of P.M.R., already warmed or cooled, was added. The temperature was maintained for two 
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minutes and, after thorough mixing, dilutions made with distilled water and 4 strength P.M.R., both at room temperature, and colour densities followed. Fig. 6 illustrates the results. Initial colour production varied inversely as the temperature. Intensity of colour at 70 C. was more than twice that at 1000 C. Those reduced copper-P.M.R. mixtures diluted with distilled water all arrived at similar densities at 22 hours; those diluted with 3 strength P.M.R. tended to do the same.
Further dilutions with 16, -2, and 23 strength P.M.R. were made with the mixture maintained for two minutes at 1000 C., and Fig. 7 illustrates the results. All dilutions, except that with distilled water, increased in density of colour; the increase varied directly as the concentration of P.M.R. One-third strength P.M.R. and the undiluted sample showed similar curves.
Discussion.-In the Folin and Wu method temperature has a profound influence upon colour production and stability. The density of colour produced varies inversely as the temperature at which the reaction takes place. Any subsequent change in temperature results in a gradual change in density of colour to reach a new equilibrium. In these experiments the effect of temperature upon colour stability has to be distinguished from that of change in concentration of P.M.R. Also, the slight fading which occurs independently of these factors must be considered. The curve given by the reduced copper-P.M.R. mixture initiated at 70 C. and diluted with distilled water represents all factors favouring fading. The stability of colour in that mixture initiated at 100°C. and diluted with distilled water results from opposition of the two main factors.
VVhen employing the classic Folin and Wu technique, the density of colour produced by a standard solution can be expected to vary from day to day, and from season to season with the environmental temperature. Fig. 8 illustrates the range to be expected.
Reduced copper solutions should not be cooled to below room temperatures by using running tap water (which in our laboratory is 100 C. below room temperature). The initial temperature of the reduced copper-P.M.R. mixture is largely that of the reduced copper, and so after dilution the initial colour fades at an even faster rate, for fading due to a rise of room temperature is added to that due The results are illustrated in Fig. 9 . In spite of shielding from direct sunlight the increase in density was marked. By 60 minutes the blank had risen from 2 to 15-units and test 31-to 45, i.e., each had risen 132 units. This increase is therefore unrelated to the reduced copper present. Exposure of the P.M.R. or copper reagent to light before mixing does not produce this colour increase when they are finally brought together.
Boiling the alkaline copper reagent has no influence upon the production of this photosensitivity, for simple addition of P.M.R. to alkaline copper reagent results in a mixture of similar sensitivity.
It is felt that this phenomenon must explain the increase in density of colour of blank solutions previously observed (King and Garner, 1947) with alkaline copper and phosphomolybdic reagents.
Blank solutions have been kept up to three days without any increased density of colour provided that they had been shie1ded from sunlight. A false impression of colour stability may be presented when a solution which is fading is exposed to sunlight. In practice care must be taken to avoid sunlight causing an increased density of colour. The danger lies in differential exposure of standard and test solutions.
Under normal laboratory conditions this presents no problem and provided the staff is aware of the danger no errors will arise. This applies to the Folin and Wu method, to all its modifications, and to methods employing similar reagents, such as those of Benedict (1931) and Haslewood and Strookman (1939) .
Purity of Sodium Carbonate and Colour Stability
Previous workers (King and Garner, 1947) have stressed the importance of using absolutely pure samples of sodium carbonate in the preparation of alkaline copper reagents in order to prevent fading. Impure samples of carbonate have been used without any increase in fading being observed. A greater reduction was noted, but this was considered to be due to the bicarbonate content and the lowered alkalinity which increases the power of reduction of glucose (Harding and Downs, 1933 (Fig. 2) . The modified reagent, compared I curve shown in Fig. 10 Sahyun (1936) adds sodium sulphate to the alkaline copper reagent and allows five minutes for the reduced copper-P.M.R. reaction to take place.
The Leitz photometer handbook (as quoted by Tonks, 1952) increases to 10 minutes the time allowed for the reduced copper-P.M.R. reaction.
Tonks found the method of Sahyun to have little advantage over the traditional method. The Leitz method he found to be partially successful in retarding fading.
We have increased up to 40 minutes the time allowed for the reduced copper-P.M.R. reacton with no effect upon fading when finally diluted with distilled water and do not consider these methods to be of value. Sobel (1947) uses five times the normal amount of P.M.R. We agree with Tonks in finding such a technique successful. By increasing the quantity of P.M.R. two factors are employed. The amount of P.M.R. is large-sufficient to bring the final concentration in the reduced copper-P.M.R. mixture to beyond the peak of colour density at 60%. Dilution, provided it is not great, will bring the P.M.R. concentration back to a level giving a similar colour density on the opposite side of the peak (Fig. 4) . Also at high concentrations of P.M.R. the ratz of initial colour production and subsequent change are slowed down, helping to keep density constant. The use of such concentrations of P.M.R. is uneconomical anfd inconvenient in practice. Lehmann and Silk (1952) dilute with 11.55% w/v phosphoric acid. They also remark upon the effect of not diluting after the addition of P.M.R. and also upon keeping final solutions in iced water. In our hands the concentration advised gives appreciable fading. The use of a concentration of phosphoric acid equivalent to that in the undiluted mixture does retard fading, but nevertheless allows a significant amount.
The mechanism seems in the nature of a change in quality of the P.M.R. associated with an increase of phosphoric acid concentration relative to the molybdic acid. Lehmann and Silk claim that by incorporating a large quantity of phosphoric acid in the P.M.R. a similar stability can be achieved, distilled water being again used as diluent. This would be in keeping with the explanation suggested above.
The stability of the undiluted mixture has already been discussed. Storing tubes in iced water will result in the fading of dilution being apposed by the increased density caused bv lowering the temperature. 
